PLASMA PROCESSING APPARATUS 

Field of the Invention 

5 The present invention relates to a plasma processing 

apparatus; and more particularly, to a plasma processing 
apparatus for performing a plasma process such as an etching 
process, a film forming process or the like by applying a 
plasma on a substrate to be processed, e.g., a semiconductor 
10 wafer, a glass substrate for use in a liquid crystal display 
(LCD) or the like. 

Background of the Invention 

15 There has been used in a manufacturing field of 

semiconductor devices a conventional plasma processing 
apparatus for performing a plasma process such as an etching 
process, a film forming process or the like by applying a 
plasma generated in a vacuum chamber on ,a substrate to be 

20 processed, e.g., a semiconductor wafer, a glass substrate 
for use in an LCD or the like. 

As the conventional plasma processing apparatus, a so- 
called parallel plate plasma processing apparatus has been 
known. The parallel plate plasma processing apparatus has a 

25 vacuum chamber in which a plasma is generated by applying a 
high frequency power to parallel plate electrodes, e.g., an 
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upper electrode and a lower electrode facing each other in 
parallel, and then applied on a semiconductor wafer loaded 
on one of the electrodes, e.g., the lower electrode. 

Fig. 5 shows a schematic cross sectional view of the 
5 parallel plate plasma processing apparatus. A reference 
numeral 1 in Fig. 5 indicates a vacuum chamber. Installed 
inside the vacuum chamber 1 are a lower electrode 2 serving 
as a mounting table for mounting thereon a semiconductor 
wafer W and an upper electrode 3 installed thereabove so as 

10 to face the lower electrode 2 in parallel. 

A plurality of pores 3a are provided at the upper 
electrode 3, so that a process gas can be supplied from the 
pores 3a toward the semiconductor wafer W in a shower-like 
manner. Further, an exhaust port (not shown) is installed 

15 at a bottom portion of the vacuum chamber 1. By pumping the 
process gas out of the vacuum chamber 1 via the exhaust port, 
an inner space thereof can be set under a desired vacuum 
state. Furthermore, a high frequency power of a 

predetermined frequency is supplied from a high frequency 

20 power source (not shown) to a space between the lower 
electrode 2 and the upper electrode 3, thereby generating a 
plasma of the process gas in the vacuum chamber 1. The 
plasma thus generated then acts on the semiconductor wafer W, 
so that an etching process of the semiconductor wafer W or 

25 the like can be performed. Besides, a gate 4 for loading 
and unloading the semiconductor wafer W into and from the 
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vacuum chamber 1 is installed at a sidewall of the vacuum 
chamber 1. A focus ring 5 is installed on a mounting 
surface of the lower electrode 2 so as to surround the 
semiconductor wafer W loaded thereon. 
5 In such a parallel plate plasma processing apparatus, 

a plasma processing state is affected by the distance (gap) 
between the parallel plate electrodes, i.e., the distance 
from the lower electrode 2 to the upper electrode 3 in case 
of the plasma processing apparatus illustrated in Fig. 5. 

10 Therefore, there is known an apparatus capable of vertically 
moving one of the electrodes (the lower electrode 2 in the 
plasma processing apparatus of Fig. 5) and varying the 
distance between the electrodes (see, e.g., Japanese Patent 
Laid-open Publication No. 2000-286242 (page 3-5 and Fig. 1)). 

15 Further, since the lower electrode 2 is vertically 

movable in the plasma processing apparatus of Fig. 5 as 
described above, an expansible/cont ractible bellows 6 is 
installed between a lower portion of the lower electrode 2 
and a bottom part of the vacuum chamber 1 to air-tightly 

20 seal off an opening portion of the bottom part of the vacuum 
chamber 1. 

However, since the inside of the vacuum chamber 1 is 
maintained at a certain vacuum level while the outside of 
the vacuum chamber 1 is under atmospheric pressure, a 
25 pressure difference between the inside and the outside of 
the vacuum chamber 1 is generated. Thus, an upward force is 
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continuously exerted on the lower electrode 2 by the 
pressure difference . 

Accordingly, in case the gap between the electrodes is 
widened by, e.g., lowering the lower electrode 2, the lower 
5 electrode 2 should be lowered against the pressure 
difference, thereby requiring an enormous force. Further, 
even in a normal state, a large force is also required to 
prevent the lower electrode 2 from being pushed upward to 
thereby maintain same in position. In order to meet such a 

10 load, a power source, such as a motor or the like, for 
driving the lower electrode 2 requires a great driving force 
and a mechanical operating system requires a great 
ruggedness. However, in that case, a manufacturing cost of 
the apparatus or a footprint is increased. 

15 Recently, there has been a trend towards a larger 

diameter substrate to be processed such as a semiconductor 
wafer or the like, e.g., up to 12 inch. Therefore, a 
diameter of the lower electrode 2 also needs to be larger in 
order to meet the scaling up of the substrate to be 

20 processed. Accordingly, a force exerted on the lower 
electrode 2 increases in proportion to its area up to, e.g., 
about 5000 N to about 10000 N. As a result, the 

aforementioned problems become even more serious and, thus, 
it is difficult to resolve such problems. 

25 As described above, in the conventional parallel plate 

plasma processing apparatus, a great load is exerted on a 
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device for varying the distance between the electrodes 
because of the pressure difference between the inside and 
the outside of the vacuum chamber, thereby increasing the 
manufacturing cost and the footprint of the apparatus. 
5 Especially, it is difficult to meet the scaling up of the 
substrate to be processed. 

Summary of the Invention 

10 It is, therefore, an object of the present invention 

to provide a plasma processing apparatus capable of reducing 
a manufacturing cost and a footprint of the apparatus by 
decreasing a load exerted on a device for varying a distance 
between electrodes in comparison with a conventional 

15 apparatus and, at the same time, easily meeting a scaling up 
of a substrate to be processed. 

In accordance with the present invention, there is 
provide a plasma processing apparatus including: a vacuum 
chamber accommodating therein a substrate to be processed, 

20 allowing an inner space of the vacuum chamber to be 
maintained at a vacuum level; a first electrode fixedly 
disposed at a location in the vacuum chamber; a second 
electrode installed in the vacuum chamber and facing the 
first electrode, the second electrode being vertically 

25 movable so as to vary a distance between the first electrode 
and the second electrode; a driving mechanism for vertically 
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moving the second electrode, the driving mechanism being 
installed outside the vacuum chamber; a bellows unit for 
air-tightly sealing an opening, the bellows unit having a 
frame-shaped member connected to the driving mechanism, 
5 wherein the opening, through which the second electrode is 
driven by the driving mechanism from the outside of the 
vacuum chamber, is provided at the vacuum chamber; an 
electrode supporting member for connecting the frame-shaped 
member to the second electrode, the electrode supporting 
10 member being installed in the vacuum chamber; and a high 
frequency power source generating plasma by supplying a high 
frequency power between the first electrode and the second 
electrode . 

15 Brief Description of the Drawings 

The above and other objects and features of the 
present invention will become apparent from the following 
description of preferred embodiments given in conjunction 
20 with the accompanying drawings, in which: 

Fig. 1 shows an overall schematic cross sectional view 
of a plasma processing apparatus in accordance with a 
preferred embodiment of the present invention; 

Fig. 2 illustrates a schematic view of principal parts 
25 of the plasma processing apparatus of Fig. 1; 

Fig. 3 depicts an overall schematic cross sectional 
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view of a plasma processing apparatus in accordance with 
another preferred embodiment of the present invention; 

Fig. 4 describes an overall schematic cross sectional 
view of a plasma processing apparatus in accordance with 
still another preferred embodiment of the present invention; 
and 

Fig. 5 provides an overall schematic cross sectional 
view of a conventional plasma processing apparatus. 

Detailed Description of the Preferred Embodiments 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings . 

Fig. 1 shows a schematic cross sectional view of a 
plasma processing apparatus for etching a semiconductor 
wafer in accordance with a preferred embodiment of the 
present invention. A reference numeral 11 in Fig. 1 
indicates a cylindrical vacuum chamber made of, e.g., 
aluminum, wherein the vacuum chamber 11 is grounded and an 
inner space thereof can be air-tightly sealed. 

Installed inside the vacuum chamber 11 are a lower 
electrode 12 serving as a mounting table for approximately 
horizontally supporting a semiconductor wafer W serving as a 
substrate to be processed with a surface to be processed 
facing upward; and an upper electrode 13 installed above the 



lower electrode 12 so as to face the lower electrode 12 in 
parallel. A multiplicity of pores 13a are provided in a 
lower surface of the upper electrode 13. Therefore, a 
process gas is supplied from a process gas source (not 
5 shown) toward the semiconductor wafer W loaded on the lower 
electrode 12 via the pores 13a in a manner of a shower. 

A gate 14 for loading and unloading the semiconductor 
wafer W into and from the vacuum chamber 11 is installed at 
a sidewall of the vacuum chamber 11. A focus ring 15 is 

10 installed on a mounting surface of the lower electrode 12 so 
as to surround the semiconductor wafer W loaded thereon. 

The lower electrode 12 having an approximate disc 
shape is made of a conductive material, e.g., aluminum, and 
supported from a bottom portion of the vacuum chamber 11 by 

15 an approximately cylindrical lower electrode supporting 
member 16 made of an insulating material, e.g., ceramic. As 
illustrated in Fig. 2, provided at the lower electrode 
supporting member 16 are a plurality of (four in this 
preferred embodiment) openings 16a being spaced apart from 

20 each other at regular intervals in a circumferential 
direction thereof. Each of the openings 16a, which is for 
driving the upper electrode 13 by using an driving mechanism 
17 installed outside the vacuum chamber 11, has a vertical 
length corresponding to a vertical stroke of a connecting 

25 member driven by the driving mechanism 17, wherein a 
description of the connecting member will be given later. 
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A cylindrical bellows unit 18 is concentrically 
installed contiguous to a peripheral portion of the lower 
electrode supporting member 16. The openings 16a can be 
air-tightly sealed by the bellows unit 18. 
5 An intermediate ring of an annular shape (frame-shaped 

member) 18a is installed at vertically middle portion of the 
bellows unit 18. By vertically moving the intermediate ring 
18a, an upper bellows portion 18b disposed above the 
intermediate ring 18a and a lower bellows portion 18c 

10 disposed below the intermediate ring 18a can be respectively 
extended and contracted in opposite directions. 

The upper electrode 13 made of a conductive material, 
e.g., aluminum, is substantially disc-shaped and supported 
by an upper electrode supporting member 19. At the same 

15 time, the upper electrode 13 is connected to the 
intermediate ring 18a of the bellows unit 18 by the upper 
electrode supporting member 19, and vertically movable by 
the driving mechanism 17 . 

In this preferred embodiment, the upper electrode 

20 supporting member 19 includes a cylindrical member 
(deposition shield) 20 installed at a lower portion of the 
upper electrode 13; and an exhaust ring 21, having multiple 
through holes, installed at a lower portion of the 
cylindrical member 20. The upper electrode 13 is vertically 

25 movable with the cylindrical member 20 and the exhaust ring 
21 as one unit. 



-9- 



The cylindrical member (deposition shield) 20 is 
installed to cover an inner wall of the vacuum chamber 11 in 
which a plasma is generated and processed. Accordingly, 
deposits (deposited materials) originating from the plasma 
5 process are prevented from being adhered to the inner wall 
of the vacuum chamber 11, and the inner wall thereof is 
protected from being etched by the plasma. The exhaust ring 
21 serves to uniformly exhaust gases from the vacuum chamber 
11 around the periphery of the lower electrode 12. 

10 The exhaust ring 21 can be used to change a state of 

the etching process by adjusting a location thereof in a 
vertical direction. Therefore, as described above, by 
vertically moving the upper electrode 13 and the exhaust 
ring 21, it is possible to control the state of the etching 

15 process. 

Formed at the cylindrical member (deposition shield) 
20 is an opening 20a corresponding to the gate 14 installed 
in the vacuum chamber 11. Conventionally, an opening and 
closing device is installed at the gate 14 in order to 

20 prevent the plasma in the vacuum chamber 11 from being 
introduced into the gate 14. In this preferred embodiment, 
however, a vertical movement of the cylindrical member 20 
replaces a function of the opening and closing device by 
aligning or misaligning the gate 14 and the opening 20a. 

25 The upper electrode supporting member 19, the 

cylindrical member 20 and the exhaust ring 21 can be 
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prepared separately and may be fixed together as a single 
body . 

Further, as shown in Fig. 2, installed at an inner 
circumferential portion of the intermediate ring 18a (the 
5 outside of the vacuum chamber 11) is the spoke-shaped 
connecting member 22 passing through the openings 16a of the 
lower electrode supporting member 16 to extend to the inner 
circumferential port ion • thereof . The driving mechanism 17 
and the intermediate ring 18a are mechanically connected to 

10 each other by the connecting member 22. 

The driving mechanism 17 can vertically move the 
connecting member 22 and stop the connecting member 22 at a 
desired location by a driving source such as a motor, an air 
cylinder or the like. Accordingly, the connecting member 22, 

15 the intermediate ring 18a, the upper electrode supporting 
member 19 and the upper electrode 13 can vertically move as 
one unit, thereby enabling a distance (gap) from the upper 
electrode 13 to the lower electrode 12 to be set at a 
desired level. 

20 In Fig. 1, the left half indicates a state in which 

the distance between the upper electrode 13 and the lower 
electrode 12 is widened by raising the upper electrode 13, 
and the right half illustrates a state in which the distance 
therebetween is narrowed by lowering the upper electrode 13. 

25 As illustrated in the left half of the Fig. 1, in case 

the upper electrode 13 is raised, the upper bellows portion 
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18b above the intermediate ring 18a is contracted while the 
lower bellows portion 18c below the intermediate ring 18a is 
extended. 

On the other hand, as shown in the right half of Fig. 
5 1, in case the upper electrode 13 is lowered, the upper 
bellows portion 18b above the intermediate ring 18a is 
extended, but the lower bellows portion 18c below the 
intermediate ring 18a is contracted. In both cases, the 
upper bellows portion 18b and the lower bellows portion 18c 

10 are oppositely extended and contracted in accordance with 
the vertical movement of the intermediate ring 18a while 
maintaining a constant total length of the bellows unit 18. 

By employing the above configuration, the distance 
from the upper electrode 13 to the lower electrode 12 can be 

15 varied while constantly maintaining a volume of the vacuum 
chamber 11. Therefore, the force resulting from the 
pressure difference between the inside and the outside of 
the vacuum chamber 11 is not at all exerted to the upper 
electrode 13 serving as a moving electrode, so that the 

20 upper electrode 13 can be easily maintained at' a desired 
location. Furthermore, since the vertical movement of the 
upper electrode 13 is facilitated, the driving mechanism 17 
does not require a huge driving force and, further, the 
device for driving the upper electrode 13 can be configured 

25 to be simple. Moreover, even in a case of augmenting the 
diameters of the upper electrode 13 and the lower electrode 
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12 in order to accommodate the semiconductor wafer W with an 
increased diameter, it is possible to easily meet the 
scaling up of the diameter since a force corresponding to an 
area of the moving electrode is not exerted thereto.- 
5 Formed inside the upper electrode 13 is a process gas 

diffusion cavity 13b for uniformly supplying a process gas 
from the pores 13a. A gas channel 23 for supplying the 
process gas from a process gas source (not shown) into the 
process gas diffusion cavity 13b is formed at the 
10 intermediate ring 18a, the connecting member 22 and the 
upper electrode supporting member 19 including the 
cylindrical member (deposition shield) 20 and the exhaust 
ring 21. 

Installed at the lower electrode 12 are an 
15 electrostatic chuck (not shown) for adsorbing and 
maintaining the semiconductor wafer W; a coolant path (not 
shown) for circulating a coolant; a gas introduction 
mechanism (not shown) for supplying a cooling gas such as a 
He gas or the like to a backside of the semiconductor wafer 
20 W in order to efficiently transfer cold heat from the 
coolant to the semiconductor wafer W; and the like. Further, 
the lower electrode 12 is connected to a high frequency 
power source (not shown) for supplying a high frequency 
power, so that the high frequency power of a frequency 
25 ranging from, e.g., about 13.56 to 150 MHz, can be supplied 
to the lower electrode 12 via . a matcher installed inside a 
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matching box 24. 

Connected to a bottom portion of the vacuum chamber 11 
is a vacuum exhaust line (not shown) communicating with a 
vacuum exhaust ' system such as a vacuum pump and the like. 
5 Thus, the inner space of the vacuum chamber 11 can be 
exhausted via the exhaust ring 21, thereby setting the inner 
space thereof under a predetermined vacuum level. 

Hereinafter, an etching process in the plasma etching 
apparatus configured as described above will be described. 

10 First, a gate valve (not shown) installed at the gate 

14 is opened. The semiconductor wafer W is loaded into the 
vacuum chamber 11 by a transfer mechanism (not shown) via a 
load-lock chamber installed adjacent to the gate 14, and 
then mounted on the lower electrode 12. Thereafter, the 

15 semiconductor wafer W mounted on the lower electrode 12 is 
held thereon by the electrostatic chuck. 

Next, after the transfer mechanism is withdrawn out of 
the vacuum chamber 11, the gate valve is closed and then the 
inner space of the vacuum chamber 11 is evacuated by the 

20 vacuum pump or the like. When the inner space thereof 
reaches a predetermined vacuum level, the process gas for 
use in the etching process, which has a flow rate ranging 
from, e.g., about 100 to about 1000 seem, is introduced from 
a process gas supplying system into the vacuum chamber 11 

25 via the gas channel 23, the process gas diffusion cavity 13b 
and the pores 13a. Accordingly, the inner space of the 
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vacuum chamber 11 is maintained under a predetermined 
pressure ranging from, e.g., about 1.33 to about 133 Pa (10 
to 1000 mTorr) . 

In this state, a predetermined high frequency power 
5 ranging from, e.g., about 100 to about 3000 W with a 
frequency ranging form, e.g., about 13.56 to about 150 MHz, 
is supplied from' the high frequency power source to the 
lower electrode 12. 

By applying the high frequency power to the lower 

10 electrode 12 as described above, a high frequency electric 
field is formed in the processing space between the upper 
electrode 13 and the lower electrode 12 and, accordingly, 
the process gas supplied into the processing space becomes a 
plasma. Then, the plasma is used for etching a film on the 

15 semiconductor wafer W. At this time, an etching state of 
the film on the semiconductor wafer W is controlled by 
setting in advance the gap between the upper electrode 13 
and the lower electrode 12 as a desired value by using the 
driving mechanism 17. 

20 After performing the etching process, the application 

of the high frequency power from the high frequency power 
source is stopped to terminate the etching process. 
Thereafter, the semiconductor wafer W is unloaded from the 
vacuum chamber 11 in a reverse order of the loading sequence 

25 described above. 

As described above, in accordance with this preferred 
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embodiment, the load exerted to the device for varying the 
distance between the upper electrode 13 and the lower 
electrode 12 can be reduced in comparison with a 
conventional apparatus. Consequently, a manufacturing cost 
5 and a footprint of the apparatus can be reduced and, at the 
same time, it is possible to easily meet the scaling up of 
the semiconductor wafer W. 

In the following, another preferred embodiment of the 
present invention will be described with reference to Fig. 3. 

10 In this preferred embodiment, lifter pins (substrate 
supporting members) 31 for supporting the semiconductor 
wafer W above the lower electrode 12 pass through through 
holes 30 provided at the lower electrode 12, and are fixed 
to the connecting member 22. 

15 As can be seen from the left half of Fig. 3, in case 

the upper electrode 13 is raised to a location that is not 
used in a normal etching process, the lifter pins 31 
protrude above the lower electrode 12 and support the 
semiconductor wafer W thereon. On the other hand, in case 

20 the upper electrode 13 is lowered down to a location that is 
used in the normal etching process as shown in the right 
half of Fig. 3, the lifter pins 31 are retreated inside the 
lower electrode 12 and the semiconductor wafer W is loaded 
on the lower electrode 12. 

25 By configuring the lifter pins 31 to be driven by the 

driving mechanism 17 for varying the gap between the upper 
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electrode 13 and the lower electrode 12 as described above, 
there is no need to install a separate driving mechanism for 
driving the lifer pins 31, thereby simplifying the 
configuration of the apparatus and reducing the 
5 manufacturing cost thereof. 

Fig. 4 depicts a cross sectional view of still another 
preferred embodiment of the present invention. In this 
preferred embodiment, the upper electrode 13 is supported by 
an upper electrode supporting device 19 from above. Further, 

10 openings 11a having a similar configuration as in the 
aforementioned openings 16a are formed at a ceiling side of 
the vacuum chamber 11. Furthermore, installed at the top 
portion of the vacuum chamber 11 are the driving mechanism 
17 for driving the upper electrode 13, the bellows unit 18 

15 for air-tightly sealing the openings 11a of the vacuum 
chamber 11, and the like. Accordingly, same effects of the 
preferred embodiment shown in Fig. 1 can also be obtained in 
this preferred embodiment. 

Although the preferred embodiments describe a case 

20 where the present invention is applied to a plasma etching 
apparatus for etching a semiconductor wafer, the present 
invention is not limited to thereto. For example, the 
present invention may be applied in processing a substrate 
other than the semiconductor wafer and, further, can be 

25 applied to a film forming processing apparatus for 
performing, e.g., a CVD process other than the etching 
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process. Moreover, even though this preferred embodiment 
describes a case where the upper electrode is driven, the 
present invention can also be equally applied to a case 
where the lower electrode is driven. 
5 While the invention has been shown and described with 

respect to the preferred embodiments, it will be understood 
by those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following 
10 claims. 
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